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A. 


GENERAL 


A.I 


Assumptions. These specifications shall be used for determining the live load 
capabilities of existing transit bridges. They provide a basis for computing the 
maximum loads that may be allowed on a bridge when materials are of good quality, 
members are acting normally, and deductions in size or area have been made for 
deteriorated portions. They are based generally on the Second Edition including 
Interims thru year 2001 for the Manual for Condition Evaluation of Bridges, AASHTO 
1994, and the 16th Edition and Interims thru 2002 of the Standard Specifications for 
Highway Bridges as published by the American Association of State Highway and 
Transportation Officials (AASHTO) and the 2002 edition of the American Railway 
Engineering and Maintenance-of-Way Association (AREMA) Manual for Railway 
Engineering. The rating of existing bridges in terms of carrying capacity shall be 
determined by the computation of stress based on authentic records of the design, 
details, materials, workmanship, and physical condition, including data obtained by 
inspections and/or tests. At the actual time of rating the latest above editions, internms, 
etc. shall be used. 


Use and Modification of Standard Design Specifications. For all matters not 
definitely covered by these specifications, the current standard AASHTO or AREMA 
specifications used for the design of new bridges shall be used as a guide. However, 
there may be instances in which an Engineer, based on knowledge of the condition and 
performance characteristics of a bridge under traffic, may make a judgment that the 
action of a member within the structure is not consistent with the design concept of the 
controlling specifications. In this situation, the Engineer may modify the design criteria 
within safe limitations and, following sound principles of engineering mechanics, base 
the capacity analysis for the member on its know action under load. Deviations from 
controlling specifications shall be fully documented. 


Rating Levels: Transit Bridges shall be load rated at two levels, Inventory and 
Operating. The Inventory rating level generally corresponds to the customary design 
level of stress, but reflects the existing bridge and material conditions with regard to 
deterioration and loss of section. Load ratings based on the Inventory level allow 
comparisons with the capacity for new structures and therefore results in a live load 
which can safely utilize an existing structure for an indefinite period of time. 


Load ratings based on the Operating rating level generally describe the maximum 
permissible live load to which the structure may be subjected, at mfrequent intervals, 


with specified speed restrictions. Fatigue need not be considered when determining 
Operating Ratings. 


Calculation of stresses shall be by the working stress method using English units of 
measure. 
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A.4 Rating of Substructures 


In general, substructure elements, except steel, timber, and pile bent structures, shall 
not be rated unless, in the opinion of the engineer, this will influence the rating of the 
bridge. Careful attention should be given to all elements of the substructure for 
evidence of instability, which affects the load-carrying capacity of a bridge. Evaluation 
of the conditions of a bridge ‘s substructure will in many cases be a matter of good 
engineering judgment. The rating report shall contain a statement noting the engineer’s 
judgment with regards to the substructure. Substructure elements that are to be rated 
shall be rated using the Load Factor method. 


B. LOADINGS 


B.I 


B.2 


Dead Loads. (D) The dead load of the structure shall be computed in accordance with 
the conditions existing at the ttme of analysis. 


(a) In estimating the weight for the purpose of computing dead load stresses, the 
following-unit weights shall be used: 


Pounds per 

cubic foot 
DCS lreadrclinGeld tewemredbi Mody tll vsti n floats honed dea tens econ: 490 
G0) Gt es (1 Pen eo CEN Re En Re EE RE ene ee eer ae re 150 
DANCY OraVels BiG OAS acvuncpsascveointieduawieeneoetacnmeaneleants 120 
Asphalt-mastic and bituminous macadam uu... eres 150 
GTP Cie sc Macteansesnen etn cstcnantunttn sy et iG) Seth takoruuatehoeks 170 
PAV INO CHS cnccnditca tox threat oh oars aansunlnctaasdessaleteraseceten este 150 
QO ocean ceclinae acelin tid nat diotamete eeuwanimin done nas 60 


(b) The track rails, third rail, inside guard rails, and their rail fastenings shall be 
assumed to weigh a minimum of 200 lb. per lineal foot for each track. 
Electrification including third rail and fasteners shall be assumed to weigh a 
minimum of 60 pounds per lineal foot of track. 


Live Loads. (L) The live or moving axle loads and their spacing to be applied to each 


track on the structure for determining the Inventory and Operating Ratings shall be as 
follows: 


B 2.1 Revenue Vehicles - Normal Consists 


Dimensions, axle loads, and normal consist range shall be as shown in Figure A. Car 
combinations shall be within the minimum and maximum range whichever produces 
the most critical conditions, 
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B2.2 Revenue Vehicles - Extraordinary Consists 


For long spans, a special case shall be evaluated which represents a disabled train being 
pushed by an operating train. For this case, the total consist shall be twice the normal 
standard consist. Impact shall be applied for a speed of 20 MPH. The adjacent tracks 
shall be loaded with normal consists without speed reduction. 


B2.3 Work Cars 


Dimensions and axle loads shall be as shown below in Table 1. Work car consists shall 
be as indicated in Table 2. however, impact and centrifugal forces shall be reduced to 
account for a maximum speed of 40 MPH. All tracks shall be loaded with work cars. 
Fatigue requirements shall not be evaluated for work cars. 


The axle load for both revenue and work cars shall be applied vertically with 50 
percent of each axle load applied equally at the top of each rail. 
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MBTA BRIDGE MANAGEMENT PROGRAM 
NORMAL CONSIST 
LOAD RATING VEHICLES 
REVENUE RAIL TRANSIT AW3 CRUSH LOADED 


DIMENSIONS 

AXLE WEIGHT TOTAL MIN-MAX 
LINE CAR A B P= WEIGHT CONSIST 
Blue #5 24.5 6.83 10.67" 23K g2K 2 to 6 Cars 
Orange #12 33.67" 6.83’ 12.0’ 26 A 104 K 2 to 6 Gars 
(OHBL)* #4 24.5' 6.83' ~—«10.67" 21,58 ag K 2 to 8 Cars 
Red #3 44.17 6.83" 12.0" 30% 120 K 2 to 6 Cars 
Ashmont-** PCC 16.75' 6.00’ 18.67’ 15K eo K 1 to 2 Cars 
Mattapan 

x 4 


_* = 
ro¥e) 88. “96 __ 86 


| 6.25 6.25' | 16.78" 
| 


N 
60_.. 
16. ere le 21.75 


TOTAL MIN-MAX 
LINE CAR (AXLE LOADS SHOWN} WEIGHT CONSIST 
Green #7 SRC {29 K 1 to 3 Cars 


* Overhauled Blue Line Car Used on Orange Line 
** Ashmont-Mattapan Structures Will Also Be Rated For #7 Cars (SRC) - 1 to 2 Cars 
Note: Future Car Loads Will Be Used When Available if Higher 


3/03/03 


Figure A Revenue Vehicles 
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[WorkCarType _| Design Total Load (Ibs) | Design Axle Load (/bs 
| #0526 Flat Car 76,400 19,100 

#01400 Motor Car 114,000 28,500 

#04441 Flat Car with Crane 100,000 25,000 

#04443 700 HP Diesel Locomotive 100,000 25,000 

#04446 Flat Car 102,400 25,600 

#04447 Flat Car 102,400 25,600 

#04449 Flat Car 100,000 25,000 

Ballast Car 76,000 38,000 

Tamper Car 35,000 


Table 1 Rail Transit Work Car Loads 
(For Work Car configuration see Appendix B ) 


TT 


Peony st Type | Work CarCombinations | 


es 


700 HP Diesel Locomotive (04443) +° + Two Ballast Cars + One Tamper 
7 Two Flat Cars (#04446/#04447) + Flat Car With Crane (#04441) 
ul 700 HP Diesel Locomotive (04443) + Flat Car (#0526) 
[IV Flat Car (#04449) + Four Work Motor Cars (#01400 Series 
IV 700 HP Diesel Locomotive (04443) + Four Ballast Cars | 
abel 700 HP Diesel Locomotive (04443) + Two Ballast Cars followed by 
700 HP Diesel Locomotive (04443) + Two Ballast Cars followed by 
700 HP Diesel Locomotive (04443) + Two Ballast Cars 


*This combination shall be used for long and multiple span structures to provide maximum loading condition. There shall 


be 1,000 ft distance between moving trains on the same track at full speed. This distance diminishes to zero for stationary 
trains. 


Table 2 Rail Transit Work Car Combinations 


NOTE: For most simple spans to 150 feet, Consist Type V governs for both shear and moment. 
For other spans including continuous spans the rating engineer shall verify the maximum cases 
for maximum moment and shear. For continuous spans, where necessary, the rating engineer 
shall minimize any consist (i.e. ---eliminate car or cars) to cause maximum stress. 
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B.3. Impact Load (1) 


(a) Impact load shall be determined by taking a percentage of the live load 
specified and shall be applied vertically and equally at top of each rail. 


The percentage to be used for impact shal] be computed from the following 


formulas: 
]= = (30% Max) 
£+125 
where L= __ length, ft., center to center of supports for stringers, transverse 


floorbeams without stringers, longitudinal girders and trusses 
(main members), or 


L= _ length, ft., of the longer adjacent supported stringers, 
longitudinal beam, girder or truss for impact in floorbeams, 
floorbeam hangers, subdiagonals of trusses, transverse girders, 
supports for longitudinal and transverse girders and viaduct 
columns. For continuous spans the length of span under consideration 
for positive moment; and the average of two adjacent loaded spans for 
negative moment. 


(b) For members receiving load from more than one track, the impact 
percentages shall be applied to the live load on the number of tracks 
shown below: 


Two tracks - full impact on two tracks. 


More than two tracks - full impact on any two tracks which produces the 
critical loading. 


(c) Items to Which Impact Applies 


e Superstructure, including steel or concrete supporting columns, 
stee] towers, legs of rigid frames, and generally those portions of 
the structure which extend down to the main foundation. 


e The portion of concrete or steel piles above the ground line which 
is connected to the superstructure as in rigid frames and 
continuous designs. 


° For structures having cover of less than 4 feet, full impact of the 
Vehicle loading at 1 foot cover proportioned down to zero at 4 feet 
cover. 
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(d) Items to Which Impact Does Not Apply 


° Abutments, retaining walls, wall-type piers and piles. 

° Foundations and footings. 

° Culverts and structures having a cover of 4 feet or more. 

° Concrete subway or depressed section slab resting on earth. 


B.4 Centrifugal Load (CF) 


(a) On curves, a centrifugal load corresponding to each axle load shall be applied 
horizontally through a point 5 ft. above the top of the low rail. This load shall 
equal the percentage of the specified axle load without impact. 


_ 100? 
32.2R 


CF = 0.00117S8"D or C 


= Where S = speed, miles per hour 
D = degree of curve 
V =speed, feet per second 
R = radius of curve in feet 
(b) On curves, the effect of the couple on a stringer, girder, or truss toward the 
outside and inside of curve shall be determined separately. For members toward 
the outside of curve, the centrifugal load shall apply. For members toward the 


inside of the curve, any effect of the centrifugal load shall be omitted. 


(c) Substructures shall be evaluated for the effect of the horizontal! load applied as 
specified in (a) above. 


(d) For rating purposes S shall be assumed at 60MPH. 
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B.5 Lateral Load from Wind (W) including Nosing 


A lateral load of 450 Ibs. per lineal foot shall be applied as a moving load tn a 
horizontal direction. This is to consist of, 150 lbs. per lineal foot for nosing, 
transversely applied at the base of rail and 300 lbs. per lineal foot for wind in any 
horizontal direction applied at 6 1/2 feet above the top of rail. In addition to the above, 
a Jateral load of 30 lbs. per square foot of all exposed surfaces of girders or truss 
members, and substructure for wind from any direction. For girder spans use 1.5 times 
the vertical projection of the span. 


B.6 Longitudinal Force (LF) 


(a) The longitudinal force resulting from the starting and stopping of trains shall be 
taken as 15 percent of the live load without impact. This force shall be taken on 
one track for two-track systems, and shall be applied to the rails and supporting 
structure as a uniformly distributed force at the top of rail. For three or more 


track systems, the longitudinal force shall be applicable to any two tracks 
simultaneously. 


(b) Where the rails are not continuous (broken by a movable span, sliding rail 
expansion joints, or other devices) across the entire bridge from embankment to 
embankment, the effective longitudinal load shall be taken as the entire load 
specified in (a). 


B.7 Thermal Forces (T) 
Stresses set up by thermal forces shall not be considered except for structures such as 


long span bridges and concrete arches unless the Engineer as a result of his/her 


investigation, determines that they are especially important. Refer to AREMA for loads 
and forces. 


B.8 Friction Force (F) 


For sliding shoes supporting bridge members, friction applicable to the material shall 
be used, but in no case less than 10 percent of the vertical load. 


C. LOAD COMBINATIONS FOR RATINGS 
C.1 Inventory Rating 


DL+LL+1+CF @ 100% of inventory stress 
DL+LL+I1+CF+W+LF+F @ 125% of inventory stress 
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C.2 Operating Rating 


DL+LL+1+CF @ 100% of operating stress 
DL+LL+I1+CF+W+LF+F @ 125% of operating stress 


C.3 Wind, LF, and F will normally be considered when rating column bents, towers, and 
piers unless the Engineer, as a result of his/her investigation determines they are 
important in other members. 


C.4 Where two or more methods of analysis are valid, that which gives the higher rating 
shall govern. Alternate methods of analysis are not necessary if the method used 
indicates that the bridge can carry the specified inventory loads. 


When the controlling inventory rating is less than the weight of the rating revenue 
vehicle, additional calculation shall be made to determine at what speed the rating 
vehicle may operate over the bridge. 


Similarly when the operating rating is less than the weight of the rating work car, 
additional calculations shall be made to determine at what speed work cars may operate 
over the bridge. If additional capacity 1s required for work cars, reducing the number of 
cars in the consist, reducing speed, and limiting loads to one track shall also be 
evaluated. 


D. RATING VEHICLE SPEED 
D.I The rating speed used for the inventory and operating rating of the Revenue Vehicles, 
Normal Consists shall be 60 mph except as limited by the superelevation, or grades of 
the track at the location of the structure, but only after permission has been given to use 
a lower rating speed-. If a lower rating speed is used, it shall be stated in the rating 
assumptions and the rating load summary sheet shall have this value noted. 


D.2 Reduction may be made in the impact percentage for speeds below 60 mph by the 
following factor: 


f - aa (60 - oa > 0.2 where S = speed in mph. 


Corresponding speeds shall be used to calculate a revised centrifugal load. 


E. DISTRIBUTION OF LIVE LOADS 


E.I General 


Page 12 of 71 Rev. March 2004 


GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 


The following conditions shall be accounted for in the analysis of the structure: 


(a) 


(b) 


The increased load carried by any truss, girder, stringer, or floor member due to 
load eccentricity (this will occur where bridges are on tangent and the tracks are 
off center and where bridges are on curves). 


For members receiving load from more than one track, the design live 
load on the tracks shall be follows: 


For two tracks, full live load on two tracks. 
For three tracks, full Hive load on two tracks and one-half on the other track. 


For four tracks, full live load on two tracks, one-half track, and one-quarter on 
the remaining track. 


For more than four tracks, as specified by the Engineer. 


The selection of the tracks for these loads shal] be such as will produce the 
greatest live load stress in the member being rated. 


E.2 Ballasted Deck Structures 


(a) 


(b) 


The designated lateral and longitudinal distribution of live load is based on the 
following assumptions: 


ik Standard cross ties shall be used which are not less than 8 ft Jong 
approximately 8 in. wide and spaced at not over 24 in. on centers. 
If another type of tie or greater spacing is used, the rating shall be 
modified for the greater load concentrations, 


Ww 


Not less than 6 in. of ballast shall be provided under the ties. 


Go 


The designated widths for lateral distribution of load shall not 
exceed 14 ft., the distance between track centers of multiple track 
structures, nor the width of the deck between ballast retainers. 


4, The effects of track eccentricity and of centrifugal load shal! be 
included. 


Ballasted Concrete Structures 


1. The axle loads on structures may be assumed as uniformly distributed 
longitudinally over a length of 3 ft., plus the depth of ballast under the 
tie, plus twice the effective depth of slab, limited, however, by the axle 
Spacing or 7 feet. 
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tv 


Live load from a single track acting on the top surface of a structure 
with ballasted deck or under fills shall be assumed to have uniform 
lateral distribution over a width equal to the length of track tie plus the 
depth of ballast and fill below the bottom of tie, unless limited by the 
extent of the structure. 


Us 


The lateral distribution of live load from multiple tracks shall be as 
specified for single tracks and further limited so as not to exceed the 
distance between centers of adjacent tracks. 


4. The lateral distribution of the live load for structures under deep fills 
carrying multiple tracks shall be assumed as uniform between centers of 
outside tracks, and the loads beyond these points shall be distributed as 
specified for single track. Widely, separated tracks shall not be included 
in the multiple track group. 


(c) Ballasted Stee! Structures 
1. Deck 


a. Each axle load shall be uniformly distributed longitudinally 
over a length of 3 ft. plus the minimum distance from 
bottom of tie to top of beams or girders, but not to exceed 7 
ft. nor the minimum axle spacing of the load system used. 


b. In the lateral direction the axle load shall be uniformly 
distributed over a width equal to the length of tie plus the 
minimum distance from bottom of tie to top of beams or girders. 


c. The thickness of the deck shall not be less than 1/2 in. for 
steel plate, 3 in. for timber, or 6 in. for reinforced or 
prestressed concrete. 


om Transverse Steel Beams 


a. For ballasted decks supported by transverse steel beams without 
stringers, the portion of the maximum axle load on each beam 
shall be as follows: 


_L1SAD 
s 


P 


Where P = load on a beam from one track 


A = axle load 
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S = minimum axle spacing, ft. 


d= beam spacing, ft. 
a = beam span, ft 


n = the ratio of the modulus of elasticity of 
steel to that of concrete 


1 = moment of inertia of beam (in) 
h = thickness of concrete deck slab, in. 
H = nV/ah* 


D = effective beam spacing, ft. 


For moment: D=d 5 04 + ue + fe) 


but not greater than d or S. 


For end shear: D = d 


icp The load P shall be applied as two equal concentrated loads on 
each beam at each rail, equal to P/2. No lateral distribution of 
such loads shall be assumed 


G: D =d for bridges without a concrete deck; or for bridges where 
the concrete slab extends over less than the center 75% of the 
floorbeam. 

d, Where d exceeds S, P shall be the maximum reaction of the axle 


loads, assuming that the deck between the beams acts as a 
simple span. 


cy For bridges with concrete decks, the slab shall be rated to carry 
its portion of the load. 


3: Longitudinal Steel Beams or Girders 
a. Where beams, or girders are spaced symmetrically about the 


centerline of tangent track, the axle loads shall be distributed 
equally to all beams or girders whose centroids are within a 
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lateral width equal to the length of tie plus twice the minimum 
distance from bottom of tie to top of beams or girders, but no 
greater than the track centers or 7 feet each side of the center line 
of track. Distribution of loads for other conditions shall be 
determined by recognized methods of analysis. 


b. For the rating of beams or girders, the live load shall be 
considered as a series of concentrated loads. No longitudinal 
distribution of such loads shall be assumed. 


Es Open Deck Structures 


(a) 


(b) 


(c) 


Timber bridge ties shall be rated (assuming ties spaced not further than 6 in. 
apart) based on the assumption that the maximum wheel load on each rail is 
distributed equally to all ties or fractions thereof within a length of 4 fi. but not 
to exceed 3 ties and is applied without impact for the tie rating only. 


For the rating of beams or girders, the live load shall be considered as a series 
of concentrated loads. No longitudinal distmbution of such loads shall be 
assumed. 


Where two or more longitudinal beams per rai] are properly diaphragmed and 
symmetrically spaced under the rail, they may be considered as equally loaded. 


ER. SPAN LENGTHS 


F.1 Concrete Structures 


(a) 


(b) 


(c) 


Span length of members not built integrally with supports shall be considered 
the clear span plus depth of member, but need not exceed distance between 
centers of supports. 


In analysis of continuous and rigid frame members, center-to-center distance 
shall be used in the determination of moments. Moments at faces of support 
may be used for member rating. When fillets making an angle of 45 degrees or 
more with the axis of a continuous or restrained member are built monolithic 
with the member and support, face of support shall be considered at a section 
where the combined depth of the member and fillet is at least one and one-half 
times the thickness of the member. No portion of a fillet shall be considered as 
adding to the effective depth. 


Effective span length of slabs shall be as follows: 


le Slabs monolithic with beams or walls (without haunches), S = clear 
span, 
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2 Slabs supported on steel stingers, S = distance between edges of flanges 
plus 1/2 the stringer flange width. 


F.2 Steel Structures 

(a) The length of span or member shal! be assumed as follows: 
For trusses and girders, the distance between centers of bearings. 
For truss members, the distance between centers of joints. 
For floorbeams, the distance between centers of trusses or girders. 
For stringers, the distance between centers of floorbeam. 
For timber bridge ties, the clear distance between supports plus 6 in. 

(b) The depth shall be assumed as follows: 


For trusses, the distance between gravity axes of chords. 
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G. STRESSES 


G.1 Computation of stresses 


(a) Stresses shall be computed for the details as well as the main members, 
giving particular attention to: 


l. Lacing and forked ends of compression members, eccentricity of 
riveted jomts and connections, unequal stress in tension members, 
and secondary stresses. 


2: Pin plates of tension members. The following rules are given as a 

guide for those cases where the body of the member is carrying the 

limiting stress: 

a. The net section through the pin hole transverse to the axis of the 
member should be 40% greater than the net section of the 
member. 

los The net section beyond the pin hole on any line parallel to the 


axis of the member should be not less than three-fourths of 
the net section of the member. 


H. ALLOWABLE STRESS METHOD 


H.1 General 


The live loads combination on any structure, when combined with all other loads, shall 
not produce stresses exceeding those allowable stresses set forth hereinafter. These 
stresses shall only be used when, in the judgment of the Engineer, the materials under. 
consideration are sound and reasonably equivalent in strength to new materials of the 
grade and qualities that would be used in first class construction. 


When the grading or manufacture is sub-standard, the allowable stresses shall be fixed 
by the Engineer, based on his field investigation, and shall be substituted for the basic 
stresses given herein. These basic Stresses shall in no case be greater than the 
maximum given hereinafter. 


The effective area of members to be used in the calculations shall be gross area less 
that portion which has deteriorated due to decay or corrosion. This net area shall be 
determined in the field. Deductions: for bolt, rivet, and other holes, in accordance with 
Article 10. 18 of the AASHTO Design Specifications for determining net areas in 
tension members will be in addition to the loss of area from other causes. 


2 Structural Stee]. The allowable unit stresses used for determining inventory and 


operating load capacity depend on the type of steel used in the structural member. 
When non-specification metals are encountered, coupon testing may be used to 
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determine yield point. When information on specifications of the steel is not available, 
allowable stresses will be taken from the applicable “Date Built" column of the 
following tables. 


Except where evidence of deterioration or corrosion of the web of a plate girder makes 
its shear capacity questionable, the spacing of transverse intermediate stiffeners need 
not be considered in determining its operating rating provided the spacing does not 
exceed the depth of the web. If, in the judgment of the Engineer, investigation of 
stiffener spacing is desirable, such an investigation may be based on the load factor 
design considerations of the AASHTO Specifications. 


Unless designated otherwise, values shown in the following Tables 6.6.2.1-1 and 
6.6.2.1-2 are allowable inventory and operating stresses respectively for structural 
steel. Tables 6.6.2.1-3 and 6.6.2.1-4 give the allowable inventory and operating 
stresses for bolts and rivets, 


The allowable combined stresses for steel compression members may be calculated by 
the provisions of AASHTO. 
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TABLE 66.24-1 INVENTORY RATING ALLOWABLE STRESSES (psi) 


Saloon 
UATE BULLET STEEL UNKNOWD Sue) 
; Curbon, Overs F Nickel 1-178" wid Over |-LA 
Pring te 1063 99S qa 1958 (980 we 19GR After 1963 Swe} Vo yet Steel Under tw 2° inet 
AASHTO Dasienation AME DACO6R) = M 951961) MM S619GEs 
ASTM Dextgnagion *? ARIGT) A NSQ968) A BCISGL) A 9A A #4 
diindmuns Tensile Sterna F, 52,400) e000 5G. TOU oH,020 TSO) 72.000 
Mindrian Yietd Poiti EF 26.00 AOD 33,000 $6,081) 000 45.00) ASD 56,000 EPRUS!) 
Axial cension in menibers with no beles for high 
aurengu bolts or dyes. Use net sectian when (.S5F, 14.000 16.008) 18.000 20,0) It AKHI 24 UKM 30,600 27.) 23.060 
member bas ‘may open holes lerger uur $-1/4" OAGP, NOT ATPLICADLE 
diam, such as perfomtions 
Auiiad tension {i ntesmibers widh heles Cor bigh stretiyth 7} ped Be i we 20.00 PRC) 24 LAS 38,00) 27 KX) 25.0) 
bulte or rivets aud tenslon in ciincine fiter af roiled q ae 
shapes, givders, and bulleug sections subject a O.SaF, 
vo bending = 
+ When the area of holes deducted for bigh ¥ New 25,000 ALORO 30,000 IO.003 36.609 25.000 43,000 37,900 26,000 
strength balis or yews is enore than {5 2 Svetion 
percent of the PReks area, thet seca fr O508, 
excess of 1S percent shall be.dedyeted fram Net NOT APPLICABLE 
the proxs aren in detepuining stress on de Section 
Bross setdivn, In deicemining groay section, Age 
any open holes loryer then b-1 74“ dlam, 
auch as pérforulicas slsxalf ft! chaductea, 
fextal tension {6 meimbprs without Beles. Axial 
comnpression, gross sdulinn: xliffendrs.of plaw USSF, 14.18) '6,.Q00 18 A109 20 a0 1S .QUU 28,000 30.08 27,009 25,05) 
girders, Compressivn in epfce maternal, gross 
Scetian 
Coropression in extreme fers of culled shapes. 
giriers and buill-up sections, suiect to bending, 
gross section, when compressigg flange is. OSH, 14,000 $6UEX) 15.000 WOR 13.000 24.000 3B.AI 27.4KS} 23,02) 
(A) Sepponed Javerslly rex falf degth bry 
embeatmert in cvortete 
(8) Partially seppocred or unsupported” 
‘ rae ae - 
oy 10, fh, jive 
Fy Secret | os jor 2 yay {=} 25 0556, 
(S55, | ke a 
& = 194 4 1.08 (Mv Mt + 3 OM, AM.) S 25 where M4, fs the emalfor and M, is the lorger eed mement tu ibe vniteiced sepeacnt of the beac, M, 7M, is postive eiora Gis nomertts cause reyeree-curvelure 


a) segulve when Gent ie sagic Cetvarore 
€, = 1.0 for uabraced cantilever and for members where the mcsnenl within « sigsificacs portion of te unticced sepment is greater 


ES. = Factor of Sufety a lavegioxry Level = 1.82 


thas pr equil lo the tamper ef the sketacat end thuspents 
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TABLE 6.6.2.1-] INVENTORY RATING ALLOWABLE STRESSES (psi) (continued) 


Over 2-4127 To 2-1/2" Gel (A S141 Ov, to 3° joel (A FES) 
LL" max 1727 mer to 4 ined 36" goed nider Alt thick (A 317) Ov, Wa? to 1-1/2" gre 
Coreprestion in cancentricatty dmadkat ootonne” 
Seto 2208 , ant 
wih CL = aaa (12.8 O18 FR.8 {G4 Tut bib.6 
a 
i a z q " 24.230~ 4 60- 42 A3O~ 23,580— aEtT0- Bho 
> oe Fe TT Prd oy. Be Lit “At i 2 : 2 
PO Ee ie eee | Ge U.83 x) AGP gag BE 1.03 4.ja{ oad x 
a6FE f F FE r Vv Lf [ 
ao 3S 0D8. s 

fs OE ee ea 

. (SY (“) 

BS pe aay 

F r 

‘Shear in givder welts, gross section —_* - 15,600 22,007 30,000 17,000 30.000 13,00) 
Bearing on ouilled xtiheners and uther steel 
pAttx tH contact, Sweex te oxtveme fiber of ping OBR, 37480 S52 TROY WOO 8e.000 37,000 
Beaying ot pins nov subject io tomion 37.00 ‘52,000 72,000 40,000 $8,000 37,008 
Bearing on pins sudject to polation (sucti ax rockers 
and Hinges} 18,000 26.0} 36,000) 20,0) 40,000 18.000 
Shear in piws _ At, 18,000 261) 36.080 20.000 40,000 18,000 
Beating on Piwer-Deives Rivets apd hinh suengih 
belts (a ag tryited by allowable beating on Uie ; 
Pasteners) tsk, 21.0059 109.009 142,000 94,300 155.000 TAL SOU 
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TABLE 6,6.2,.4-1 INVENTORY RATING ALLOWABLE STRESSES (psi) (continued} 


seneenNhan 


Ovar 57 ta 8 ney" » 
A SeR) oy Fe ONRE A 
1~472" max {" iaix to 4” ine] a 
AASHTO Designation © MOAIRE 
A 242, A 440, 
AST Designation A S572 ASR A 441, A SER A a4} 
A 4 
Mialmunt Tensile Strength KR TOA FSA 63,00 60,000 
Miniaum Yield Point ‘ 355.080 GO.00) $2,000 ; #5.DO0 
Axiaf tension in members with no Roles for bigh 
strength boks ar sivets. Use net section whor BSP, 340),000 33.00 23.00 22.000 
mynber has ay open holes danper thas 1. (79? U.46P, NOT APPLICAGLE 
Gian, such as porforations 
Axial tension in nvembers wath bales for high ; ‘ 
strength bolts or rivets and tension in extreme Py Gross 30.000 71.000 25.0) 22,000 
fiber of rolled shaper, girders, and Duileup 4 pet 
sections subject to huading ‘3 OSS, 
z Net . 
« When dit area of holes deducted for high Po Section 35.000 47,300 31.500 30,009 
srengih boliy or nivels ig more uian £5 3 O.50F, 
percent of the gross area, that area in _Net re 
excess of IS percent shall be dedacted froin Section BO TATEENGSSEE 
dhe gross neo is dcteemining suces on the TAGE, 
KrO’s secon. In.deiermining gros’ gection, 
any opert files turger then 1-1/4 diam, 
such a8 perforations shall be deducted. 
Asial tension in members without holes. Axial 
compression, gross section: stifeners of plate USSE, 30,60) 33.000 23,000 22 KY 
ginters. Compression tn splice material, prass - 
SCENGA 
Compression in uxueme fibess of rolled shapes, 
girdess and Guilt-up rections, subject ty bending, 
USSF, 30.000 33.000 Paytk 


gross smution, when compression Aange is, 

(A) Sapported Enterully its Full langih by eulbedment 
Th concrete 

(B) Partdally suppoced or unsypportid 


xc { ig 
F, = 21 eh (7) a7 + Ga7 7] = 0,55F, 


yy Ie ( 
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Bearing on pins subj lo rotation (such 4% rockers 


TABLE 6.6.2.1-1 INVENTORY RATING ALLOWABLE STRESSES (psi) (continued) 


Over 21/2" Ter 2-0/2" fered (A SEAR | Ou, a tn S" ject (A SRB) 
1-7 max WE mad to P incl Ba? and under Alt dick (A S17) Ow BP a LAP ine) 


Compressive in conceniricafly toaded colenine'™ 


rE 
with O = ee 128 $3.3 79.8 102.0 15.7 aK 
La 
( My i 21.230~ 6o— 42,450~ 21 san— AL ATO- 21 AR 
K oe ae SL KEM \t \s a 
fre be NDR Rote .6af KE 14 SE 3.34( KEY 1.034 St 4.12 ey g97] SEY 
$92E t, , Bs r er Yr r 


FS S06 7 : : 
Ps eas = G bud au whia RL & C, wah BS, = 22 


Sf (SY 


Shear in pirder webs. gross section 15000 Bat 8) SEXY) 171005 30.08K3 18.000 
Beading on milled stiffeaers aud other sce! 

parts in contact, Stresy iin ektreine fer of pins O.80F, 47,000 32.000 TLOOU 40,000 #0,0@0 FTA 
Bearing on piris not subject ta. rotation 47,000 52.00) 72.000 43),00H) 86,000 37,000 


eee re et 


and hinges) 18.000 26,000 46,000 20.000 40,000 18,000 
Shear in pins OdiF, 13,088 26,000 36,005 2H AKI 265,000) 18,060 


Bearing an Power-Orives Rivew anc high avengil 
bolis (ot as limited by aRowable besying. on the 


Foextotietrs) Las, RDO FORO) 142,000 $4,500 {53,008 FO5O 
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TABLE 6.6.2.1-1 INVENTORY RATING ALLOWABLE STRESSES (psi) (continued) 


Pe 2 en : So nen i rere 


Over 3“ wy 8” incl” 


LA SSA) ow. 1-F2" Baa 
1-12" max 1” hae, io 4° juel 
AASHTO Designation ™ M 128 
A 2B, A 4a, 
ASTM Designation | A 3572 A 4572 A 441A SEB, A 44) 
Aw SI 
Minigun) Tonsilo Strength F, 104K) 75480) 63.0003 60,000 
Misimam Yteld Point ; F, 55,000 BUDO PALE] BO 
Axial tenstod In mombers with ac hates for high 
shrength bolts, or rivets. Use net section when U.55¥, 30,000 BARC CS) 23.003 22.000 
member has any open holes larger ui 1.1/4" 0.488, NOT APPLICABLE 
diam. such as ptrlorations 
Aual teosion in merabers with holes for high . r : ” 
strength bole of rivets and tension in carrenic e na 410.000 5.000 23.000 22,000 
ber of rolled shapes, girders, and built-up 33 ae 
sections subject (@ benving = E Bens 
Bz Net , F : 

+ When the-ared of holes deducted fer bigh ied Severin 35.000 47,500 NSM 30,000 

sintagth bolts or dwels is more Ulan $5 = 0.508, 

percent of the gross Srea, What arca in - Net Saat 

excess of 15-percent shall be deducted frora Section NOT APPLICABLE 

the gross apea int determining stress on the 0.S6R, 

yross section. ta dememitting gross section, 

any open hates burger than f- 144" diam. 

auch 4% perforations shall ke deducted. 
Axidh tension in mecbers without holes, Axia 
cCOMpression, -peoss sectiog: siffeners af piue O.55F, 30,000 33.090 23.000 22,00 
girders. Compression in spfice material, press 
xectlon 
_Gampression in exueme fibers of rolled shapes 
gicders and Gullt-up sectioss, subject lo bending, 

USSF, 20,000 23 KD. 25,0) 


gross sections, when compression Hang ty. 

4AY Sdppérted [ateridly its Gill length by embedinent 
in conarete 

(E) Partinly supported or unsepported™ 


| ¥ 
ori = + § 87 (7) = 0.55F, 


V sr 


po DLR IOS fhe 
oC {FS.} Sw \é 
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FABLE 6.6.2.1-1 INVENTORY RATING ALLOWABLE STRESSES (psi) (continued) 


oy, 3” ye 8B” inc 
¢A 588) ov. $142" Over 4" io 
1-125 waa. 1” max 10 4” inet & inet 


Cy 195 + 15 UM) By + O83 UM, / MP S23 where My is the anialler and My is dhe longer end monrent in the dabiraced segment of the beams) #1, 7 My is positive when tho morsenis cause reverse curvaure 
and negative when bord in singhs curvatace. 
G = 1.0 for unbractd cantilevers and for members where the moment withia a signifeant portion of the uabrated segment ia greater Tan or equal ts the Leeper of the sepmient ead mroments. 
ES, = Factot of Saiety wt leventocy Level = 1.82 


Compression in concentisalty loaded cotarens™ 


with C= AE 102.0 y12 116.7 
Yy 
fRL\s LS 2B.300~ £9.810~ 
paste TEES KE oe KL KLY KL\ 
"es. t) — Nie 1 “) (4a onn( | 
4 ff é r r if ; 


fo TB. SOON TAG ne KL = Cw AS. = DE? 


“eye 


Shear in picder webs, efose section 18,007 TO 14,000 

Bearing on milled stiffeners art other meel 

paris in coittaet. Stress in datreme fiber of pins O.S0F, 44,000 $8,000 34.00 32,000 
Bearing a pine for subject to rotetion . 4a GE) 48.0 24,000 32,000 
Bearing on pink subject t retufion (such aa rockers 

andl hinges} 22,008 26,000 +7, 000 16,003 
Sheer in pitts -_ -— g40P, 2 4,000 17,000 


Besring on Power-Driven Rivols and bigh strength 
bolts (or ag inated hy allowable bearing on ihe 
Fasteners) 1ASR, 9+, SO 101 G00 85,0) 81.000 
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TABLE 6.6.2.1-2 OPERATING RATING ALLOWABLE STRESS (psi) 


DATE BLINCESTEEL UNRNOWN Sica 
= = Carbon Stee! Hicks! 
Favr to US FOS a 195G 1936 two 1963 After 1963 Steal verMoed ‘inal Steel 


a 


AASHTO Designation M OACISEL) M ISUOSD M 96(1961) 


ASTM Designatiin A 7096/ A 411960) A 809615 
Miasimon Tensile Strongih F, 52000 60,000 60.000 10.08 F5IVOD 
Minmam Yield Point Fy 26,000 39,003 33,00 16,500 95,000 $5.00) $4,000 
Axial fusion in mombets with no holes for High 
strength belts ox civets. Use het sectton when 0.75E, 19,500 22.20 24,500 27 OOG 6 ot 0) 
momber has any open holes fanger than 1-1/4" 0.609, NOT APPLICABLE 33.500 41.000 
diam. such as pecforations 
Axial easton in members with holes for high 5 babi 19,500 22,908 FASO 27 RH 24,500 33,500 41,000 
srength bolts. or rivets and tension In eatreme rs a 6.75F- 
fiber of rolied shapes, girders, and buileup g i oiegte 
sections subject tp beading = Net 
+ When the‘area of holes deductad for high g ‘f Sxction 35,000 40,080 40,000 30,000 40,000 1G5K) 60.000 

strength betts or rivets is more (han 15 O.S7F, 

Net 


perotint of the gross’ area, thar area in 
ékerss of 1S percent intl be deducted froin Section NOT APPLICABLE 


the grosé soca in determining siress on ihe 
gross section. In dotermining grost rection, 
any open hiskes Jarger unant 1-1 / 4° diam. 


suck at perforations. shall ba deducicd. ; fo 
. Axial tension in nrambers. without boles. Axial 


compression, gross socitun: sliffeners of plate 025K, 19,500 72,509 24,500 27,000 74,500 33,509 41.000 


indore: Conypression in splice material, grcss 
sexilon 


Compression th exteeite fibers. of rolled shapes. 
Binders and builtep secGons, subject to bending, 
gross sbetion, who camprexsion Mange is. 

(A) Sepporned Ievecalty fos Tull ongth by emdedment 
is conencte 


(B) Penlally supported or unspported’? 


O75F, 19,500 22,500 24500 27,000 2.4, 540) 33,400 41,000 


er 91% HAG fly) 2 aor) 205s 
Fy 5). (s] 0.772 ' + ont) s 0.75F, 
C, = 1.78 % TOS (NS, My) + 03 My OP 23 wheee Mc is Ure smatics and My ip ibe Juygec end moment in the unbdured cegmant of the beard: My / Mi, Js posilive when the mormsnis couse reverse 


cuivmurs al nepative when beat in digle curvatire, 
Cy 9% 10 for unbraced vantilevery asul For members where the rnsndient within a significant partion of the uabraced segment fs- greater thao or eyoal to the larger of the sepmanl ead tements, 


ES. + Pactor of Safety at Gpeniing Level = 1.34 
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TABLE 6.6.2.1-2 OPERATING RATING ALLOWABLE STRESS (psi) (continued) 


etal 9} $n i et ni ret te hla nec, 


RALE BULLESTCEL UNKNOWY Sitigon 
Eo ae = ean Ee Carbon Stect Nike] 
‘ee Pri tir }994 IR to LOA 19236 eo 1963 Adler 1993. Syeot Dever?” ud" ined Srect 
Compressien int concentically loaded eotumeas” 
with C, = 228 148.4 (3B. VALT 126.1 131.7 112.8 102.6 
Aa 
when EL = CG, 
(sy f 18.290 - 17.650—- LofTa— 21,180G— I9,At0- 28,470- F2,350- 
& >] fs Ki / 2 
ae las Awe ef at 4 KL.\ i : at 2 
fame treme, oe when “= & C, gvas{ XE ogo] BL ose SE v.67 KEY gst BE 1.0a{ S* i.ss{ HE 
Ark ‘ r Y € t r r 
= ; 
f= . 7 eco 198.362 340 with FS. = 1.70 
=p 
r Ff 
Shear in girdor wobx, gross section OASE, ELS500 13.900 15,002 «16,000 $5,000 20,000 24,500 
Bearing on niilled stiffeaers arid athec atec} 
paris in contact. Sivess ins extreme fiber of pisis 0.50F, 73,000 27,000 29,500 32,000 29.SUU 40,500 AY SOG 
Ruaring on plas nat subject 1 rotation Sar, 23,000 27,000 29,500 RURES 2, 50H) 40,5) 9950 
Gearing on pins subject w rotation (cuch os rockers 
and hinges) 0.55F, 14.0 16,500 18.009 19,500 1BORW 24,50) 30,000 
Shosr in pins D356, 14,000 16.500 18,008 19,500 18000 24,500 38,000 
Bearing on Power-Drivun Rives and hight ruengtir 
bolts Cor ts fimited by allowable bearing on the 
Fasteners) L.8sF, 96.090 EERE) 11 tC Haug ELL.U00 129,500 166,500 


(f) Numbec in paronthasts seqrescats the last year these specifications were printed 

(2) Fer tho use of hanger C, vadurs, xe Swtetaral Stobifiiy Reseaeh Cornell Guide tu Saabttiry Devine Critgria for Metal Structures, id PU., pg. LOS. Hf covers plates are used, dhe allowable static strexs at the 
pola of eorclical cull xhall be uy determined by the Tormuls. 
P= fength in inches, of unsupported flonge between Inter! conpeetions, knee braces, of olher palate of suppart 
|, = awment of inertia of compressivn [fangs about the vertical axis in the plane of the web, in, 


s 


G@= depth of girder, ka. 
ltbes, + (bt, + Dr] : : : : : 
tc nee ii, where b end represen dhe [binge widlli aud tinckiress of the compression and tengien Mange, 1 is the web dept, aad t Lk the webs ibickngs. 
S,, = section modulus with respect to the camprassion flange, ie’, 
(4) & = niotdules of clasticiy of steel 
r= governing ries oP pyrtion 
L = actaal unbraced lengifa % 
RK = effective fengih factor 
Nate: The fonnalus do adt apply to members will variyble momerit of incetin. 
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TABLE 6.4.2.1-2 OPERATING RATING ALLOWABLE STRESS (psi) (continued) 


8° and S-U8" and Over 141A" Over 2.472" 34” aud voder 
Under Unieter wa 2" crtel 1-1/2" max 1/2* sera ay 0" Taped 4" vawd under (A SES) 


AASHTO Besignatlon ‘” 


a eh ll EOS A et 


ASTM Designation ' ie A 242. A 44GQ, A ASE, 
Ao AMM A 94 A S72 ASR a A 58a, A S72 
Minimum “feustte. Steenptt PR $80 75.000) 72,000 GVARKS BOOUO (05,000 70.800 
Miminunns Yield Point F 36,000 50,000 AT UA) 45 CU 65 DOO 90,000 30,000 
Axia] tenaion in merifers with no holes tac high 
strength bolus or rivets. Use nee secon when OFSE, 740) 37,500 345.00 34.500 48,500 RA. V7 SOO 
member hax any apen holes larger than 1-1/4” 0.60%, NOT APPLICABLE 63,000 ALA. 
dlam. such a& perfyrations 
Axial tension is members with holes for high a. 27.100 37.344) 35.000) 33.500 45.300 GFSO0 37.500 
strenguh bolts or riveia und tension int exiromne 3 b D 755 
fibar of rolled shapes, ginsers. and bullvup 2 = ste 
sections mubject ta beading rE New 
as Section 38.00 0.000 ASO $0,000 53,000 NAL 46,500 

« Wheo the area of holes deducted for high a7 O67, 

syangth boli of rivets ig mare than 15 = Net 

percent of Ube grog area, Uhad ana dn Seetian NOT APPLICABLE 63.000 NA. 

excess of 15 percont shalt be deducted front W.O0E, 

the gross ‘dred in dotwnnining simu on the 

kiss gestion. In deiorraining gross section, 

any opea holes lurger dyna b-144" dians, 

such as perforations shall be deducted. 
Axia? terior in mynibers without holes, Axial 
compression, groxs section: atlfferces a plair 0.75f, 27,000 37.300 35.01X) 33.500 48.500) 671,500 37.500 


irders. Compression in-sphice material, gross 
section 


a a 


Compresston la extreme Rbeers of roiled shapes, 
girders and built-up sections, subpat to bending. 
gross seclion, when compression Slane ix. O.7SF, 27 GOO AT ACK 3.000 33,500 ARS 67,51X) 37.500 


{A} Supported Jatonadly is fi) beagit by enbodaer: 
it Concrete: 


(B3 Rartiaily supported or wiesupystrtodt? 


81x 16°C. fe fa = of _ (2: : 
= ee R272 — + USF f=} < VISE 
Ae ee Cs) 72 + 9.8) (7) WI5F, 
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TABLE 6.6.2.1-2 OPERATING RATING ALLOWABLE STRESS (psij (continued) 


8 and 1-L/R" gas Owes 1 AR ‘Orer 7-1/2" 4? and under 
Under Under 2” mel [-172° imax [f2? imax to 4* inact # and yoder (A 388) 


Cy VIR + LOS G4) / Md + G8 ed) My)? 23 where MY, bs the smaller and Mais thé larger eal monvént it the unbraced segetent of (he beanie; hy? My ts positive wher the munmtctits qause reverse curvaure 
and wepadive when beol in single curvenire, 
C, = U0 fur anbraced eendlevers and for menibors where the moment whhin a significant partion of (he unbriced segment Is greater than or equal to dar fseger of the segment end promacats, 
¥S. = Factor of Safery at Opesutiog Level = 134 


ery 


a 


Compression in concenmicaly fomled volucans’™ 


Me) ay? 
wih C. = \ Ae 126.1 107.0 11Q.4 112.8. 36 TOE. 107.0 
, 
diten Shae 
¢ 
(} ‘ 21, 180- 29 410— 27,650— ZH ST) 38.240~- SLIAD~ 29,.410- 
& phe ‘ KL. - Ay 3 au 2 ery \3 ! ? 
Be eer yh ead | Ne oot ey 12e{ KE ue 10 Re) mifEP ag ya(K 129 
“4 Ee £ T S r fg } : r v 
Fy = ore nt eae with 2S, = 1,70 
es(e (F] 
r 
Shear in gieder webs, gross section Q.45F, 16.000 22,500 31,000 TOQ00 29,000 40,500 22.5) 
Bearing on milled silfeners and other steel 
fuirta in contact. Suess-in exineme fiber of pins NG0F, 320K) 45,01K) 42,000 40,500 S850U 8} QO 45.000 
Bean: on pins not sabject is mination 6.908, 32,008 45,000 42,000 40.500 58,500 BLO 45,000 
Bearing:on pins subject tw rotation (such as rockers 
and hinges) O.55F, 19,506 27,5) 25300 24 HMI 35,30) 49.500 27.50% 
Shear fo pins USSF, 19,5 17.500 25,504) 74,500 35.500 49,800 27.500 


Bearing on PawerDriven Rivets and high guengtl 
bests dor as Nmited by allowabtie bearing an the 
Faateners} ESky 107 OY (38,300 }23,009 671,005 {42.009 AEM $29,500 


‘aati : 
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; TARLE 6.6.2.1-2 OPERATING RATING ALLOWABLE STRESS (psi) (continued) 


—— 


ata 


Tu BY? incl (A 51a) Ove A" 00 57 beret (A SES} Ov a" to & mel (A 588) Over # lo 
Alb dhick (A S19) Ge. 3A" lo F-77237 incl {42 max * wm Ow 112" to 4 Enel B ine! 
AASHTO Designation ”* . 
ASTM Designation ' ; AWM427,A a0), A TAD & 440, 
poeeee A Adl, A Sie ASTR AST AAA, A588, A 572 a 
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TABLE 662.1-2 OPERATING RATING ALLOWASLE STRESS (psi) (continued) 
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SqDaNId LISNVUL VLAW ONILVA CVOT dod SANITAGIND 


GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 


TABLE 6.6.2.1-3 Allowable Inventory and Operating Stresses For Low Carbon Steel Bolts and 
Power Driven Rivets (PSD 


Shear 
Rating Beuring 
Type of Fastener Level Tension Bearing Type Connection 

(A} Low Carbon Stee! Butts: Tamed Boks (ASTM A INV 18,000 20,000 14,000" 

307) and Ribbed Bolus}?! GPR 24,500 2h 3.000%" 
{By Power Driven Rivers (rivets driven by pneumatically 

or gecirically Operated hammers ure considered 

power doven) Smmictural Steel Rivet (ASTM A 502 INV ~ 40.000 13.800 

Grade | or ASTM A 141) GPR —~ $4,500 18.000 

Siructural Stee! River (High Surength) (ASTM INV “— 40,000 20.006 

A G2 Grade 2) OPR — 54,500 27 DOO 


(2) Based on nomtadl diameter of bolt. 


(1) The AASHTO Design Specifications indicate that ASTM A 307 bolts shall not be used in connections subject to Fatigue. 
(3) Threads permiteed ja the shear plane, 
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Rating AASHTOM 164°. AASHTOM 253 
Load Condition _ (ASTM A325) Bolts ss (ASTM. A 490) Bolts 
Applied Tension (T) Standard, oversize or INV 3gf 47 
slotted OPR 52 64 
Shear (F,): Ship-critical Standard INV 15° 19 
connection GPR 208 26 
Oversize or short-sloted = INV 13 16 
loaded in any direction OPR 18 23 
Long-slotted INV re 3 
Load transverse OPR is! 18 
Long-slotted INY 3 1 
Load parallel OPR res 15 
| Shear (F,): Bearing-tyne _ 
connection” 
Threads in any shear plane Standard or slotted INV 19° 24 
GPR 26 33 
No threads in shear plane Stenclard or slatted INV 2a on 
GPR 33° 4} 
| Bearing (f,) on connected Standard, oversize or INV O3LE 
material short-slotted loaded in : 2 = es 
any direction d 
G.7E. 
ore OE 145 
Lonzg-sloted InV 
Load paralled 22k =F, 
OPR = ae Fase \ aR! 
Long-slotted INV 0.4L, 
Loud transverse zi Oakes a Ss O.8F,° 
OPR setts t. 1F 4 
The tabulated stresses, except for bearing stress, apply to the nominal grea of bolts used in any grade of steel. 


eo Tw 


Applicable for contact surfaces with clean mill scale (ship coefficient 0.33). 

In bearing-type connections whose length between extreme fasteners in each of the spliced parts measured petal! to the 
jine of 8n axial force exceeds 50 inches (1.27 m), tabulated value shall be reduced by 20 percent. 

L, is equal to the clear distance between the holes or between the hole and the edge of the material in the direction of 
applied bearing forre, in.; F, is the specified minimum tensile strength of the connected material; d is the nominal 
djameier of the bolt, in 

AASHTO M 164 (ASTM A 325) and AASHTO M 253 (ASTM A 450) high-strength bolts are available in three types, 
designated as types 1, 2 of 3. 

The tensile strength of M 164 (A 325) bolts decreases for dinmeters preater than | inch. The values listed are for volts 
up t6 J-inch diameter. The values shall be multiplied by 0.875 for diameters greater than | inch. 
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H. 3 


bending. 


H0 


Wrought Iron. Allowable maximum unit stress (psi) in wrought iron for tension and 


Inventory 14,600 psi 
Operating 20,000 psi 


Where possible coupon tests should be performed to confirm material properties used 
in the rating. The rating summary as appropriate shall clearly indicate capacities for 
both stress levels. 


Reinforcing Steel. The following are the allowable unit stresses in tension for 
reinforcing steel. These will ordinarily be used without reduction when the condition of 
the steel is unknown: 


Inventory Operating 
Rating Rating 


Structural or unknown 

orade prior to 1954 18,000 psi 25,000 psi 
Grade 40 billet, inter 

medjate, or unknown 


grade (after 1954) 20,000 28,000 
Grade 50 rail or hard 20,000 32,500 
Grade 60 24,000 36,000 


Concrete. Unless there is a mix formula given on the plans, concrete for 
superstructures shall be assumed as 2000# concrete before, 1931 and 3000# concrete 
for 1931 on. If a mix is given, the strengths shall be taken from the 1916 Joint 
Committee Report (see table below). Allowable inventory and operating stresses shall 
respectively be .4 and .55 of F'c., 


Mix = 1: 1:2 E23 1:2:4 E2585 1:36 
F’c = 3000 psi 2500 2000 1600 1300 


The use of intermediate grade reinforcing steel as shown in the AASHTO "Manual for 
Maintenance Inspection of Bridges,” began in 1952. 


Prestressed Concrete. The load rating of prestressed concrete members shall be in 
accordance with AASHTO Manual for Condition Evaluation of Structures Section 
6.6.3.3; 


Timber. Determining allowable stresses for timber in existing bndges will require 
sound judgment on the part of Engineer making the field investigation. 


1. Inventory Stress 
The Inventory unit stresses should be equal to the allowable stresses for stress-grade 
lumber given in AASHTO Design Specifications. 
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Allowable Inventory unit stresses for tumber columns should be in accordance with the 
applicable provisions of the AASHTO Design Specifications. 


2. Operating Stress 

The maximum allowable operating unit stresses will not exceed 1.33 times the 
allowable stresses for stress-grade lumber given in the current AASHTO Design 
Specifications. Reduction from the maximum allowable stress will depend upon the 
grade and condition of the timber and shall be determined at the time of the mspection. 


Allowable operating stress in pounds per square inch of cross-sectional area of simple 
solid columns should be determined by the following formulae but the allowable 
operating stress shall not exceed 1.33 times the values for compression parallel to grain 
given in the design stress table of the AASHTO Design Specifications. 


4813E 


(1/ry 


in which P = total load in pounds. 


P/IA= 


A = cross-sectional area in square inches. 
E = modulus of elasticity. 


£ = unsupported overall length, in inches, between points of lateral 
support of simple columns. 


r= least radius of gyration of the section. 


For columns of square or rectangular cross-section this formula becomes: 


pas 
(i/d) 
in which d = dimension in inches of the face under consideration. 


The above formula applies to long columns with (I/d) over 11, but not greater than 50. 


For short columns, (1/d) not over 11, use the allowable design unit stress in 
compression parallel to grain times 1.33 for the grade of timber used. 
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FATIGUE CONSIDERATIONS FOR STEEL STRUCTURES 


Lee 


General 


(a) 


(b) 
(c) 


(d) 


(e) 


(f) 


(g) 


(h) 


The evaluation of the safe remaining life of steel bridges may be required when 
planning retrofit, rehabilitation or replacement schedules or establishing 
limitations on vehicle weights or speed restrictions. Remaining life 1s also a 
consideration in an assessment of critical redundant or nonredundant details for 
inspection and fracture control. When necessary as outlined above an 
evaluation shall be performed for revenue vehicles for those members, which 
are controlled by allowable stress range for fatigue from Table 3. For stress 
category, see Table 4 and Figure B. 


Number of Constant Stress Cycles shail be assumed as over 2,000,000. 


The stress range Fsr is defined as the algebraic difference between the 
maximum and minimum calculated stress due to live load, impact load, and 
centrifugal load. If live load impact load and centrifugal load result in 
compressive stresses and the dead load stress is compression, fatigue need not 
be considered. 


For welded or rolled steel members and welded and high strength bolted 
connections subject to repeated fluctuations of stress, fatigue requirements of 
Table 3 shall be considered. 


For members with riveted or bolted connections with low slip resistance subject 
to repeated stress fluctuations, the requirements of Category D Table 3 shall be 
considered. Where the Engineer can verify that the fasteners are tight and have 
developed a normal level of clamping force, fatigue Category C may be used. 


Riveted and bolted connections and members that do not satisfy the 
requirements of Paragraph (e) above may have these requirements waived at the 
discretion of the Engineer if the connections or members will retain their 
structural adequacy if one of the elements cracks. The connection, member, or 
span must hove adequate capacity to carry the redistributed load and the 
frequency of inspections which will permit timely discovery of any local failure 
and need for corrective action. 


For eyebars and pinplates subject to repeated fluctuations of stress, the 
requirements of fatigue Category E of for the nominal stresses acting on the net 
section of the eyebar head or pinplate, shall be considered. 


For main load carrying components subjected to tensile stresses that may be 
considered nonredundant load path members (that is, where failure of single 
element could cause collapse) shall be evaluated for the allowable stress ranges 
indicated in Table 3 or Nonredundant Load Path Structures. Examples of 
nonredundant load path members are flange and web plates in one or two girder 
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bridges, main one-element truss members, hanger plates, and caps at single or 
two-column bents. 


(1) When necessary the Engineer may determine the number of actual cycles from 
historic records and as appropriate adjust the allowable stress range. Field 
inspection shall note fracture critical members, redundancy, and fatigue prone 
details especially those in Category D or lower. 


Redundant Load Path Structures* 
Allowable Range of Stress, F., (ksi)* 


Stress For over 
Category 2,000,000 
See Table 4 Cycles 


10.(12) 
7 

4.5 

2.6 

8 


w 


7AMMUOWW D> 


Nonredundant Load Path Structures 
Allowable Range of Stress, F,, (ksi)’ 


Stress For over 
Category 2,000,000 
See Table 4 Cycles 

A 24 (16)4 

B 16 

B’ 11 

C 9(11)° 

ED 5 

E 23 

E’ 1.3 

F 6 


Table 3 Allowable Fatigue Stress Range (ksi) 


*Structure types with multi-load paths where a single fracture in a member cannot lead to the collapse. For example, a 
simply supported single-span, multi-beam bridge or a multi-element eye bar truss member has redundant load paths. 


* The range of stress is defined as the algebraic difference between the maximum stress and the minimum stress. Tension 
stress is considered to have the opposite algebraic sign from compression stress. 


> For transverse stiffener welds on girder webs or flanges. 
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i 


“Partial length welded cover plates shall not be used on flanges more than 0.8 inches thick for 
nonredundant load path structures. 


“ For unpainted weathering steel, A709, all grades when used in conformance with the FHWA Technical Advisory on 
Uncoated Weathering Steel in Structures, dated October 3, 1989. 
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a a 


Stress Ifustrarive 
; Category Example 
Kind of See Table3 See Figure B 
General Condition Situefion Stress 
Plain Member Base metal with rolled or cleaned surface, Flame-cut edges T or Rev* A 1,2 
with ANS] smoothness of 1,006 or less. 
Built-Up Members Base metal and weld metal ln members of built-up platesor —  T or Rev B 3.4.5.7 
shapes (without attachments) connected by continuous full 
penetration groove welds (with backing Kars removed) or by 
continuous fillet welds paralic! co the direction of applicd 
SUPEKS. 
Base metal and weld mecal in members of built-up phates or T or Rev GB’ 3,437 
shapes (without attachments) connected by continuous full 
penetration groove welds with backing bars not removed, or 
by contimious partial penecration groove welds paralle? to the 
direction of applied stress. 
Calculated flexural stress at the toe of ransverse stiffener T or Rev c 6 
welds on girder webs or flanges. 
Base metal at ends of partial length weided coverplates with T or Rev B 22 
high-strength bolted slip-cridcal end connections. (See Note f) 
Base metal at ands of partial length welded coverplates 
narrower than the flange having square or tapered ends, wish 
or without welds across the ends, or wider than Flange with 
welds scross the ends: 
(a) Flange thickness < 0.8 in T ar Rev z 7 
(b) Flange thickness > 0.8 in. T or Rev EB’ dD 
Base metal at ends of partia] length welded coverplates wider = T or Rev E' 
than the flange without welds across the ends. 
Groove Welded Base metal and weld metal in or adjacent to full penetration T or Rev B 8,10 
Connections groave weld splices of rolled or welded sections having similar 


profiles when welds are ground flush with grinding in the 

direction of applied stress and weld sounduess established by 

nondestractive inspection. 

Base meta] and weld metal in or adjacent to ful) penetration T ar Rev B 13 
groove weld splices with 2 ft radius transitions in width, 

when welds are ground flush with grinding in the direction 

of applied stress and weld soundness established by 

nondestructive inspection. 


Base metal and weld metal in or adjacens 14 full penciration 
groove weld splices at transitions in width or thickness, with 
welds ground to provide slopes no steeper than | to 2%, with 
grinding in the direction of the applied stress, and weld 
soundness established by nondestructive inspection: 


(a) AASHTO M 270 Grades 100/100W (ASTM 4 709) T or Rev B’ 11,12 
base metal 
(b) Other base metals T or Rey B 11,k2 
Base metal and weld meta! in or adjacent to full penetration T or Rev Cc 810,11 12 


groove weld splices, with or withour transitions having slopes 
po greater than | to 2%, when the reinforcement is not 
removed and weld soundness is established by nondestructive 


inspection. 
Groove Welded Base metal adjacent to details attached by fu}) or partial T or Rev Cc 6,15 
Attachments penetration groove welds when the detail Jength, L, in the 
Longitudinally direction of stress, is less than 2 in. 
Loaded Base metal adjacent to details attached by full or partial T or Rev D {5 


penetration groove welds when the detail length, L, in che 
direction of stress, ig between 2 in. and J2 times the plate 
thickness but less than 4 ia. 


Table 4 Construction Details 
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Stress 
Category [Illustrative Example 
Kind of See Table 3 See Figure B 
Genera] Candition Situation Stress 


—— en 


Base metal adjacent to details attached by full or partial 
penetration groove welds when the detail Jength, L, in the 
direction of stress, is greater than 12 times the plate thickness 
or greater than 4 im. 


(2) Detail thickness < 1.0 tn. T of Rev E t 
(b) Detail thickness = 1.0 m. T or Rev E' iS 


Base metal adjacent to details attached by full or partial 
penetration groove wekis with a transition radius, R, 
regardless of the detail icngth: 


——With the end welds ground smoath T or Rev 16 
(a) Transition radius = 24 in. 

(b} 24in. > Transition radius = 6 in. 
(c) Gin. > Transition radius = 2 in. 
(d) 2 in. > Transition radius = 0 in 


—For afl] transition radii without end welds ground smooth T or Rev 


Groove welded Detail base metal attached by full penetration groove welds 
Attachments— with 2 transition radius, R, regardless of the detail length and 
Transvergely with weld soundness transverse to the direction of stress 
Loaded?“ established by nondestructive inspection: 


— With equal plate thickness and reinforcement removed T or Rev 16 
(a) ¥ransition radius = 24 in. 

(b) 24m. > Transition radius = 6 in. 
(c) 6in. > Transition radius = 2 in. 
(d) 2in. > Transition radius = 0 ia. 
—With equal plate thickness and reinforcement not removed — T or Ree 16 
(a) Transition radins = 6 m. 

(>) 6m. > Transition radius = 2 in. 
(c) Zin. > Transition radius = 0 io. 


— With unequal plate thickness and reinforcement removed T or Rev 16 


mM TOO & 


moda 


moO 


(a) Fransition radius = 2 in. D 
(b) 2 in. > Transition radius = 0 in. E 
—For all transidion radia with uncqual plate thickness and T or Rev E 16 
reinforcement not removed. 
Fillet Welded Base metal al details connected with transversely loaded 
Connsctions welds, with the welds perpendicular to the direction of stress: 
(a) Detail thickness = 0.5 in. T ur Rev Cc 14 
(b) Detail thickness > 0.5 in. TotRev See Note” 
Base metal at intermittent fillet welds. T or Rev £ — 
Shear stress on throat of fillet welds, Shear F 9 
Fillet Weléed Base metal adjacent to details attached by fillet welds with T ox Rev- cC 15,£7,18,20 
Attachments— length, L, in the diréction of stress, is less than 2 in, and 
Longitudinally stud-type shear connectors. 
D6 
EAanee Rase metal adjacent to details attached by fillet welds with TT or Rav D 15,17 
length, L, io the direction of stress, between 2 in. and }2 
times the. plate thickness but less than 4 in. 
Base metal adjacent to details attached by fillet welds with 
length, L, in the direction of stress greater than 12 times the 
plate thickness or greater than 4 in.: 
(a) Detail thickness < 1.0 in. T or Rev t 7,9,15,17 
. (b) Detail thickness = 1.0 in, Tor Rev ia 79,45 


A Yo Soe rs er St 


Table 4 (Cont'd) 
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. Stress Category [lusirative 
7 Kind of (See Table 3) Example 
General Condition Situation Stress Sce Figure B 
Base metal adjacent to details attached by fillet welds with a 
transition radius, R, regardless of the detail length: 
—With the end welds ground smooth T or Rev 16 
(a) Transition radius = 2 in, D 
(b) 2 in. > Transition radius = 0 in. E 
—For all cansition radii without the end welds T or Rev E 16 
ground smooth. 
Filler Welded Detail base metal attached by fiflet welds with a transition 
Attachmepts— radius, R, regardless of the detail length (shear stress on the 
Transversely Loaded _ throat of fillet welds goverced by Category F): 
pea ie is — With the end welds ground smooth T or Rev 16 
Principal Stree -—«@).- Transition radius 2 2 in. D 
pare (b) 2 in, > Transition radius = 0 in. E 
~«Por af] transition radii without the end welds T or Rev E 16 
ground smooth. 
hMechanically Base metal af pross section of high-strength bolted slip T ar Rev B 21 
Fastened resistant connections, except axially loaded joints which 
Connections induce out-of-plane bending in connecting materials. 
Base metal at net section of high-strength bolted T or Rev B 21 
bearing-type connections. 
Base metal at ned section of riveted connections. T or Rev D 2f 
Byebar or Pin Plates Base metal at the net section of eyebar head, or pin i EB 23, 24 
plate 
Base metal fa the shank of eyebars, or through the gross 
section of pin plates with: 
(a) rolied or smoothly ground surfaces T A 23, 24 
(by flame-cut edges T B 23, 24 


aT” signifies range in tensile stress onfy, “Rev” signifies a range of stress involving both tensioa and compression during a stress cycle 

>“Lonpitudinally Loaded” signifies direction of applied stress is parallel to the loogitndinal axis of the weld. “Transversely Loaded” signifies 
dizection of applied stress is perpendicular to the longitudinal axis of the weld. 

“Trangversely loaded partial penetration proove welds are probibited. 

* Alkywable fatigue stress range on throat of fillet welds transversely Ipaded is a funclion of the effective throat and plate Uuickness. (Ses Frank and 
Fisher, Journal of the Structural Division, ASCE, Vol. 105, No. STS, Sept. 1979.) 


; : i 5 Soo gect 
5 x ¢ 0.06 +0794) te sae 
J = AStBe 


where ST ts equal to the allowable stress range for Category € given in Table 10.3. 1A. This assumes no penetration at the weld root. 
*Gusser plates attached ta girder flange surfaces with only transverse fillet welds are prohibited. 
See Wattar, Albrocht and Sahti, Journal of Structural Engineering, ASCE, Vol. OI, No. 6, June 1985, pp. 1235-1249. 


_ - tyne TET rere 


Table 4 (Cont’d) 
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Squared End, Tapered 
of Wider than Flanp- 


Ca es 
ESE] PR my 
ee 


me ae 


9 
a At End of Weld, Has No Length 


c 


10 


iY 


Figure A Fatigue Categories 
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APPENDIX A 
REVENUE CAR LOAD TABLES 
NOTE: 


The following moment, shear and reaction tables are provided only as a guide. See Figure A and 
following sketches for further description of Revenue Vehicles. Each individual case should be 
verified by the rating engineer. 
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bOOT YEW “AY 


os 69° 9-3/44—— 


Length Over Coupler Faces 


eel 0 
Truck Center (typ? 


leg! 10% ef 


30 30% 39k 30 


#3 RED LINE RAPID TRANSIT CAR 


LOADINGS: 
Empty Vehicle = 76,885 los 
Max. Crush Loam = 42,939 bs 
Actual Weight of Fully Loaded Car = 119,820 lbs 
Rating Load for Fully Loaded Cor = 129,000 lbs 


O O O— 
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[L430 Gp odeg 


POOT ole “Ase 


74’ 0% 


Length Over Coupler Faces 


14” 9’——~}- 23" g*________|. 23" 9*—_____+-}.___14" 9° 
Truck Cente 


r typ) Truck Center (typ> 


=| 6? a ie {+16 es 
O © O O- 


c4k 24k 16,5K 16.5K e4k e4ak 


#7 GREEN LINE RAPID TRANSIT CAR 


LOADINGS: 
Weight of Empty Car = 85,500 {tks 
Max. Crush Load = 41,980 lbs 
Actual Weight of Fully Loaded Car = 127,080 lbs 
Rating Load For Fully Loaded Car = 129,000 ths 


SHOGIa LISNVUL VIG ONILVa GVO'T YO SANTTHCIND 


IL JO 9p 08eq 


vOOT Yoel “ATY 


Length Over Coupler Faces 


Bi gta fo ig ge] ae 


Truck Center (typ? 


O oO 


esd 21.5 


#4 OVERHAULED BLUE LINE RAPID TRANSIT CAR ON ORANGE LINE 


LUADINGS: 
Empty Vehicle = 60,800 lbs 
Max. Crush Lood = 24,645 ibs 
Actual Weight of Fully Loaded Looded Car = 85,445 lbs 
Design/Rating Load for Fully Loaded Car = 86,000 lbs 


SHIMUNA LISNVAL VIG ONILVYY GVOT YOU SANTTACINS 


IL JO Lp o8eg 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 


#3 RED LINE RAIL TRANSIT CAR 4 AXLES @ 30 KIPS EA 


MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


(6 CARS) 
SPAN LENGTH (FT) | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 

5.00 30.00 AT SUPPORT 37.35 2.50 

10.00 39.51 
15.00 46.34 AT SUPPORT 132.97 6.25 

20.00 51.51 AT SUPPORT 206.23 11.67 

25.00 AT SUPPORT 279.9 12.50 

30.00 68.68 AT SUPPORT 390.30 15.00 

35.00 76.01 AT SUPPORT 515.20 
40.00 81.85 
45.00 85.89 
50.00 
55.00 
60.00 94.34 AT SUPPORT 1243.60 
65.00 
70.00 
75.00 
80.00 105.82 AT SUPPORT 1835.10 40.00 

85.00 
90.00 
95.00 

100.00 125.41 AT SUPPORT 2435.10 50.00 

105.00 2607.45 52.50 

110.00 135.83 AT SUPPORT 2827.18 64.17 

115.00 140.36 3044.98 47.92 

120.00 AT SUPPORT 3266.48 50.00 

125.00 148.33 AT SUPPORT 3542.90 72.92 

130.00 151.86 

135.00 165.12 


NOTE: Distance X refers to distance from 


left Support. 


Impact ts not included 
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#7 GREEN LINE RAIL TRANSIT CAR 6 AXLES, 4 @ 24 KIPS , 2 @ 16.5 KIPS 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


(3 CARS) 

SPAN LENGTH (FT) | MAX SHEAR (K) | AT DISTANCE X (FT) 
5.00 24.00 
10.00 
15.00 38.00 AT SUPPORT 
20.00 40.50 AT SUPPORT 
25.00 43,32 
30.00 285.50 17.50 
35.00 52.08 
40.00 55.69 
45.00 59.46 

836.06 30.00 

989.44 32.50 
75.00 84.38 
80.00 88.67 
85.00 93.80 42.50 
30.00 1815.56 45.00 
95.00 
100.00 
105.00 
110.00 
145.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 


150.00 149.42 AT SUPPORT 4902.00 


NOTE: Distance X refers to distance from 
left support. 
Impact is not included 
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#4 OVERHAULED BLUE LINE CAR ON ORANGE LINE 


4 AXLES @ 21. 


5 KIPS EA 


MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


(8 CARS) 


SPAN LENGTH (FT) | MAX SHEAR (K) | AT DISTANCE X (FT) 
5.00 21.50 AT SUPPORT 
10.00 28.32 
15.00 33.21 AT SUPPORT 
20.00 38.28 AT SUPPORT 
30.00 51.07 
35.00 56.06 AT SUPPORT 393.06 14.58 
40.00 59.80 AT SUPPORT 497.98 23.33 
45.00 62.71 AT SUPPORT 602.11 18.75 
50.00 65.54 AT SUPPORT 
55.00 | 69.35 AT SUPPORT 
60.00 74.08 AT SUPPORT 916.08 35.06 
65.00 78.30 AT SUPPORT 
70.00 83.05 AT SUPPORT 
75.00 AT SUPPORT 1313.81 43.75 
80.00 AT SUPPORT 1471.19 46.67 
85.00 
90.00 102.05 AT SUPPORT 1838.25 52.50 
95.00 105.73 AT SUPPORT 2046.87 55.42 
100.00 
105.00 113.64 
110.00 118.25 AT SUPPORT 
115.00 122.46 AT SUPPORT 
120.00 127.18 AT SUPPORT 3232.31 60.00 
132.07 AT SUPPORT 3527.94 
145.56 AT SUPPORT 4454.37 
| 14500 | 149.44 | AT SUPPORT 4776.87 


NOTE: Distance X refers to distance from left 


support. 


Impact is not included 
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#5 BLUE LINE CAR 4 AXLES @ 23 KIPS EA 


TA TRANSIT BRIDGES 


MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


(6 CARS) 
SPAN LENGTH | MAX SHEAR (kK) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 
(FT) 
5.00 23.00 AT SUPPORT 28.75 2.50 
10.00 30.29 AT SUPPORT 57.5 5.00 
AT SUPPORT 101.99 6.35 
25.00 47.23 AT SUPPORT 230.00 12.50 
30.00 54.69 AT SUPPORT 
35.00 60.02 AT SUPPORT 
40.00 64.02 AT SUPPORT 532.80 
45.00 67.13 AT SUPPORT 644.04 18.75 
50.00 
55.00 74.23 AT SUPPORT 867.67 22.92 
60.00 
65.00 
70.00 88.88 AT SUPPORT 1249.71 35.00 
75.00 94.25 AT SUPPORT 1405.36 31.25 
80.00 AT SUPPORT 1573.95 46.67 
85.00 
90.00 
95.00 AT SUPPORT 2189.52 39.58 
100.00 AT SUPPORT 2413 77 41.67 
105.00 124.62 AT SUPPORT 2636.95 
110.00 
115.00 
420.00 60.00 
125.00 141.32 AT SUPPORT 62.50 
130.00 146.50 AT SUPPORT 4090.32 65.00 
72.50 
AT SUPPORT 5456.14 75.00 


NOTE: Distance X refers to distance 
from left support. 
Impact is not included 
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#12 ORANGE LINE CAR 4 AXLES @ 26 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


(6 CARS) 
SPAN LENGTH | MAX SHEAR (kK) | AT DISTANCE X (FT) 
FT) 
| 5ODCsLSC (SC 2——C| SCAT SUPPORT | 32.50] 2 
34.24 AT SUPPORT 
40.16 AT SUPPORT 115.29 
25.00 51.31 AT SUPPORT 242.71 12.50 
59.52 AT SUPPORT 340.21 15.00 
AT SUPPORT 446.51 14.58 
40.00 70.64 AT SUPPORT 573.47 16.67 
45.00 74.35 AT SUPPORT 699.31 18.75 
50.00 77.31 AT SUPPORT 
55.00 79.74 AT SUPPORT 952.03 
60.00 81.76 AT SUPPORT 1079.09 - 25.00 
65.00 83.47 AT SUPPORT 
70.00 86.67 AT SUPPORT 1331.81 29.17 
75.00 90.54 AT SUPPORT 1460.42 37.50 
80.00 94.63 AT SUPPORT 
85.00 98.50 AT SUPPORT 
90.00 103.14 AT SUPPORT 1850.42 45.00 
95.00 108.39 AT SUPPORT 1993.42 
100.00 113.37 AT SUPPORT 2168.55 
105.00 117.87 AT SUPPORT 2357.14 
110.00 121.97 AT SUPPORT 2547.72 64.17 
115.00 AT SUPPORT 2759.90 67.08 
125.00 132.29 AT SUPPORT 
AT SUPPORT 3518.84 54.17 
[150.00 160.02 AT SUPPORT| 456547] 75.00 


NOTE: Distance X refers to distance 


from left support. 
Impact is not included 
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ASHMONT-MATTAPAN HSL PCC CAR 4 AXLES @ 15 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


(2 CARS) 


SPAN LENGTH | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 
F 
500 Tea | AT SUPPORT 
40.00 20.49 AT SUPPORT 37.50 
15.00 73.66 AT SUPPORT 
26.99 AT SUPPORT 444.75 14.58 
30.00 304 AT SUPPORT 
35.00 AT SUPPORT 225.00 14.58 
40.00 AT SUPPORT 283.12 23.33 
45.00 40.83 AT SUPPORT 356.88 18.75 
50,00 42077 20.83 
55.00 46.81 AT SUPPORT 504.37 27.50 
60.00 50.41 AT SUPPORT 598.12 30.00 
53.46 60.58 AT SUPPORT 
70.00 56.07 AT SUPPORT 818,70 35.00 
75.00 58.30 AT SUPPORT 
80.00 6287 AT SUPPORT 
85.00 66.23 AT SUPPORT 4163.70 42 50 
30.00 65.22 AT SUPPORT 
95.00 71.89 AT SUPPORT 1441.55 39 58 
100.00 AT SUPPORT 1587.00 58.33 
105.00 76.47 AT SUPPORT 
410.00 78.45 AT SUPPORT 1878.25 64.17 
120.00 81.91 AT SUPPORT 2177.40 60.00 
| 125.00 83.44 AT SUPPORT 2327.40 62.50 
130.00 84.84 AT SUPPORT 2477.40 
135.00 86.15 AT SUPPORT 
140.00 87.35 AT SUPPORT 2777.40 70.00 
NOTE: Distance X refers to 
distance from left 
support. 


Impact is not included 
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APPENDIX B 
Work Car Configurations 
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Work Car No.0444%3 
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APPENDIX C 


WORK CAR LOAD TABLES 
NOTE: 


The following moment, shear and reaction tables are provided only as a guide. See Appendix B for 
description of Work Vehicles. 


Note for most simple spans to 150 feet, Work Car Combination V governs for both shear and moment. 


Each individual case should be venfied by the rating engineer. 
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 
Work Car Consist No | = 1 Loco (04443) + 2 Ballast + 1 Tamper 


SPAN LENGTH | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 

FT 

5.00 35.42 
10.00 46.89 
15.00 56.59 AT SUPPORT 157.76 8.75 

20.00 61.45 AT SUPPORT 250.48 
25.00 68.85 
30.00 75.87 AT SUPPORT 442,90 15.00 

35.00 81.99 AT SUPPORT 581.65 17.50 

40.00 90.74 AT SUPPORT 720.40 
45.00 97.55 AT SUPPORT 
50.00 105.71 
55.00 113.10 
60.00 119.26 
65.00 
70.00 130.72 
95.00 161.45 
100.00 165.98 AT SUPPORT 3755.82 50.00 
105.00 171.35 AT SUPPORT 52.50 
110.00 AT SUPPORT 4473.32 55.00 
115.00 181.40 AT SUPPORT 4832.07 57.50 
420.00 185.80 AT SUPPORT 5190.82 60.00 
125.00 189.95 AT SUPPORT 5564.97 
130.00 193.59 AT SUPPORT 5967.47 65.00 
135.00 197.05 
140.00 200.26 


NOTE: Distance X refers to distance from left 


support. 
Impact is not included 
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SPAN LENGTH | MAX SHEAR (K) | AT DISTANCE X | MAX. MOMENT (K-FT) 
(FT FT 
5.00 24.80 AT SUPPORT 31.25 
10.00 35.37 AT SUPPORT 63.83 
15.00 40.55 AT SUPPORT 123.19 
20.00 AT SUPPORT 183.98 
25.00 52.52 AT SUPPORT 248.75 
30.00 60.43 AT SUPPORT 341.50 
35.00 66.09 AT SUPPORT 459.17 
40.00 70.32 AT SUPPORT 582.08 
45.00 74.15 703.00 
50.00 77.94 832.92 
55.00 83.01 AT SUPPORT 946.67 
60.00 88.59 AT SUPPORT 1067.50 
AT SUPPORT 1215.38 
AT SUPPORT 1377.65 
AT SUPPORT 
AT SUPPORT 1743.15 
AT SUPPORT 2183.37 
AT SUPPORT 2427.12 
AT SUPPORT 2670.88 
AT SUPPORT 2930.38 
AT SUPPORT 3532.13 
AT SUPPORT 3844.63 
AT SUPPORT 4157.13 
: : AT SUPPORT 4782.13 
AT SUPPORT 
5407.13 
5719.63 


MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 
Work Car Consist No II = 2 Flat Cars (04446 + 04447) + 1 Flat Car wiCrane (04441) 


NOTE: Distance X refers to distance from left 


support. 


Impact is not included 
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AT DISTANCE X (FT) 


2.90 


3.33 
6.25 

6,33 
10.42 
15.00 
14.58 
23.33 
26.25 
20.83 
22,92 
29.00 
32.50 
40.83 
31.25 
Bere: 
49.58 
92.50 
55.42 
58,33 
52.50 
55.00 
97.50 
60.00 
62.50 
65.00 
67.50 
70.00 
12.50 
75.00 
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 
Work Car Consist No Ill = 1 Locomotive (04443) +1 Flat Car (0526) 


SPAN LENGTH (FT) | MAX SHEAR (K} | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 

5.00 24.60 AT SUPPORT 30.33 2.92 
62.50 5.00 
15.00 37.91 AT SUPPORT 106.77 6.25 
41.56 AT SUPPORT 167.19 8.33 

25.00 230.37 12.50 

30.00 55.41 315.62 15.00 

35.00 61.78 AT SUPPORT 414.06 20.42 

40.00 67.46 AT SUPPORT 534.38 18.67 

45.00 73.58 AT SUPPORT 674.65 22.50 

50.00 80.04 AT SUPPORT 824.30 25.00 

55.00 85.33 AT SUPPORT 1000.00 27.50 

60.00 AT SUPPORT 1169.80 30.00 

65.00 93.46 AT SUPPORT 1345.50 32.50 

70.00 97.12 AT SUPPORT 1515.30 35.00 

75.00 101.31 1691.00 37.50 

80.00 106.00 1860.80 40.00 

85.00 AT SUPPORT 2036.50 42.50 

AT SUPPORT 2206.30 45.00 

2395.13 47.50 

100.00 120.08 AT SUPPORT 2613.12 50.00 

105.00 122.76 AT SUPPORT 2833.27 52.50 

110.00 125.20 55.00 

57.50 

120.00 129.47 AT SUPPORT 3495.12 60.00 

125.00 131.35 AT SUPPORT 3715.27 62.50 

130.00 133.08 AT SUPPORT 
4377.12 70.00 


NOTE: Distance X refers 


to distance from 
left support. 
Impact is not 
included 
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 
Work Car Consist No IV = 1 Flat Car (04449) + 4 Work Motor Cars (01400) 


SPAN LENGTH | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 
(FT) 
5.00 28.50 AT SUPPORT 34.49 2.50 

10.00 37.53 AT SUPPORT 74.25 5.00 

15.00 44,02 AT SUPPORT 426.33 6.26 

20.00 47.29 AT SUPPORT 195.20 8.33 

25.00 56.20 AT SUPPORT 265.49 12.50 
30.00 63.18 AT SUPPORT 368.22 15.00 
35.00 72.28 AT SUPPORT 490.39 20.42 
40.00 75.84 AT SUPPORT 629.28 16.67 
45,00 81.55 AT SUPPORT 767.03 18.75 
50.00 83.47 AT SUPPORT 904.78 20.83 
55.00 87.45 AT SUPPORT 1044.43 32.08 
60.00 91.78 AT SUPPORT 1180.28 25.00 
65.00 94.38 AT SUPPORT 1319.93 37.92 
70.00 101.10 AT SUPPORT 1459.49 35.00 
75.00 102.73 AT SUPPORT 1609.62 37.50 
80.00 105.08 AT SUPPORT 1807.62 40,00 
35.00 109.11 AT SUPPORT 2005.62 42.50 
90.00 113.52 AT SUPPORT 2200.12 45.00 
95.00 114.16 AT SUPPORT 2394.62 47.50 
100.00 117.87 AT SUPPORT 2592.62 50.00 
105.00 124.44 AT SUPPORT 2790.62 52.50 
410.00 127.48 AT SUPPORT 2895.12 55.00 
115.00 133.42 AT SUPPORT 3179.62 57.50 
420.00 135.86 AT SUPPORT 3377.62 60.00 
125.00 140.99 AT SUPPORT 3575.62 62.50 
130.00 144.62 AT SUPPORT 3813.80 65.00 
135.00 147.43 AT SUPPORT 4076.49 67.50 
140.00 153.64 AT SUPPORT 4366.54 56.33 
145.00 155.82 AT SUPPORT 4696.96 60.42 
150.00 161.47 AT SUPPORT 5027.38 62.50 


NOTE: Distance X refers to distance from left 
support. 
Impact is not included 


Page 69 of 71 Rev. March 2004 


GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 


MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 
Work Car Consist No V = 1 Loco (04443) + 4 Ballast cars 


AT DISTANCE X (FT) 


10.00 
11.67 
10.42 
17.50 
17.50 
20.00 
26:25 
20.83 
27.50 
30.00 
32:50 
35.00 
37.50 
40.00 
42.50 


SPAN LENGTH | MAX SHEAR {K) AT DISTANCE X (FT) | MAX. MOMENT (K-FT) 
AT SUPPORT 
47,50 AT SUPPORT 
5.00 57.00 AT SUPPORT 158.33 
20.00 249.09 
25.00 66.45 AT SUPPORT 342.95 
30.00 73.36 AT SUPPORT 435.42 
35.00 548.63 
40.00 91.04 AT SUPPORT 674.87 
45.00 833.47 
50.00 104.53 AT SUPPORT 1019.16 
55.00 AT SUPPORT 1213.34 
60.00 1448.94 
65.00 127.43 AT SUPPORT 1694.42 
70.00 134.62 AT SUPPORT 1979.42 
75.00 AT SUPPORT 2264.42 
80.00 149.410 AT SUPPORT 2550.54 
85.00 157.51 2866.79 
90.00 3183.05 
95.00 172.93 AT SUPPORT 3516.50 
100.00 180.25 AT SUPPORT 
105.00 187.54 AT SUPPORT 
110.00 
115.00 202.01 
120.00 209.09 AT SUPPORT 
125.00 216.16 AT SUPPORT 6050.46 
130.00 223.38 AT SUPPORT 6492.97 
AT SUPPORT 6949.59 
150.00 247.46 AT SUPPORT 


NOTE: Distance X refers to distance from left support. 
Impact is not included 


45.00 
47.50 
50.00 
52.50 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
72.50 
75.00 
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 


Work Car Consist No VI = 1 Loco (04443) + 2 Ballast cars + 
1 Loco (04443) + 2 Ballast + 1 Loco (04443) + 2 Ballast) 


SPAN LENGTH | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT) 
FT) 
| 500 88.00 | AT SUPPORT | 47.50 2.50 
10.00 47.50 AT SUPPORT 5.00 
15.00 57.00 AT SUPPORT 158.33 10.00 
20.00 61.75 AT SUPPORT 11.67 
| 25.00 | 66.73 | | ATSUPPORT [342.95 10.42 
AT SUPPORT 435.42 17.50 
35.00 82.34 AT SUPPORT 549.50 17.50 
40.00 91.04 AT SUPPORT 675.75 20.00 
45.00 97.82 AT SUPPORT 833.47 26.25 
50.00 104.53 AT SUPPORT 1019.16 20.83 
AT SUPPORT 1214.21 27.50 
60.00 118.83 AT SUPPORT 1435.46 30.00 
65.00 125.23 AT SUPPORT 1686.84 32.50 
70.00 134.82 AT SUPPORT 
75.00 138.45 AT SUPPORT 2191.84 37.50 
80.00 145.54 AT SUPPORT 2445.58 40.00 
85.00 151.80 AT SUPPORT 2731.34 42.50 
90.00 3046.34 45.00 
95.00 164.56 AT SUPPORT 3365.71 47.50 
400.00 171.97 AT SUPPORT 3717.08 50.00 
105.00 179.40 AT SUPPORT 4094.59 52.50 
110.00 AT SUPPORT 4472.09 55.00 
415.00 192.63 AT SUPPORT 4849.59 57.50 
420.00 199.85 AT SUPPORT 5234.58 60.00 
125.00 62.50 
130.00 6053.60 65.00 
135.00 222.09 AT SUPPORT 6520.48 67.50 
70.00 
72.50 
76.00 
NOTE: Distance X refers to distance from left 
support. 


Impact is not included 
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